EP 0 451 284 B1

Europédisches Patentamt
European Patent Office

(19) p)

Office européen des brevets

(11) EP 0451284 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
28.02.1996 Bulletin 1996/09

(21) Application number: 90914434.7

(22) Date of filing: 02.10.1990

(51) Intcl.e: CO8F 220/12, CO8F 220/38,
CO8F 299/00, CO8F 212/14,
C09J 133/14, C09J 125/18,
A61C 13/23, A61K 6/083

(86) International application number:
PCT/JP90/01266

(87) International publication number:
WO 91/04994 (18.04.1991 Gazette 1991/09)

(54) ACRYLATE COPOLYMER AND PRODUCTION AND USE OF THE SAME
ACRYLATCOPOLYMERE, IHRE HERSTELLUNG UND VERWENDUNG
COPOLYMERE D’ACRYLATE ET PRODUCTION ET UTILISATION D’UN TEL POLYMERE

(84) Designated Contracting States:
AT BECHDE DKES FR GB IT LI LU NL SE

(30) Priority: 02.10.1989 JP 257298/89
24.04.1990 JP 108280/90

(43) Date of publication of application:
16.10.1991 Bulletin 1991/42

(73) Proprietors:
* MITSUI PETROCHEMICAL INDUSTRIES, LTD.
Tokyo 100 (JP)
* NOBUO NAKABAYASHI
Matsudo-shi, Chiba 270 (JP)

(72) Inventors:
* NAKABAYASHI, Nobuo
Matsudo-shi, Chiba 270 (JP)

* ISHIHARA, K. Inst. for Medical & Dental Eng.
2-chome, Chiyoda-ku, Tokyo 101 (JP)

* YAMAMOTO, T.
Mitsui Petrochemical Industries, Ltd
Kuga-gun, Yamaguchi 740 (JP)

* KINOSHITA, T. Inst. for Medical & Dental Eng.
2-chome, Chiyoda-ku, Tokyo 101 (JP)

(74) Representative:
Cresswell, Thomas Anthony et al
London WC1R 5LX (GB)

(56) References cited:
JP-A- 1108 209
JP-A-58 023 659
JP-A-60 133 007
JP-A-62 250 012

JP-A- 1 268 709
JP-A-58 059 202
JP-A-62 212 415

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 0 451 284 B1
Description

FIELD OF THE INVENTION

The present invention relates to a novel acrylic copolymer, a process for the preparation of the acrylic copolymer
and use application of the acrylic copolymer, and particularly to an adhesive composition containing the copolymer. In
more detail, the invention relates to a novel acrylic copolymer having an excellent affinity for hydroxyapatite structures
and having a high solvability or a high dispersibility in solvents, a process for the preparation of the acrylic copolymer
and an adhesive composition containing the acrylic copolymer.

BACKGROUND OF THE INVENTION

For repairing or remedying hydroxyapatite structures such as dentin, (meth)acrylic resins for biochemical art (i.e.,
acrylic resins) having radical polymerizability have been conventionally employed. In such use application, it is required
that an adhesive strength between the acrylic resins and the hydroxyapatite structures hardly varies for a very long
period of time and the adhesive strength therebetween is high. Therefore, in the case of remedying dentin by the use
of a remedying acrylic resin containing a methacrylic resin as an adhesive component, there has been employed a
method comprising treating the beforehand-abraded (or beforehand-shaved) surface of the dentin with an etching agent
such as an acid to remove shavings and to roughen the surface, then coating the surface with an adhesive containing
a similar component to that of the remedying acrylic resin, then curing the coated adhesive, and coating the cured
adhesive with the remedying acrylic resin.

However, the etching agent used in the roughening treatment, such as an acid, sometimes permeates inside of the
aimed object to damage the hydroxyapatite structure, because the etching agent is a low-molecular compound. Further,
if the hydroxyapatite structure is dentin, the eiching agent permeates the structure to stimulate a nerve, and therefore
the patient sometimes suffer an acute pain in the remedy.

In the conventional remedy for such parts, a cement prepared by combining a polyacrylic acid with zinc oxide or an
aluminosilicate glass is applied on a surface of the hydroxyapatite structure and then the acrylic resin is applied thereon,
to mitigate the stimulation in the adhering stage. However, such cement inherently has a low adhesion properties, so
that it is impossible to make a sufficient remedy by the use of the cement.

For the above-mentioned reason, the present inventors have proposed to employ a polymer-type surface-treating
agent comprising an acidic group-containing polymer, in order to reduce a damage of the hydroxyapatite structure and
to prevent the etching agent from permeation inside of the aimed object. (see: Japanese Patent Application No. 60
(1985)-171024)

The acrylic copolymer described in this specification has a sulfonic acid group. Concretely, a copolymer of a meth-
acrylic ester (e.g., methyl methacrylate) and a monomer containing a sulfonic acid group (e.g., a p-styrene sulfonic acid)
is dissolved in a solvent such as water or ethanol, then the resulting solution is applied on a surface of the hydroxyapatite
structure, and thus coated structure is washed with water. By the adaptation of this method, the surface treatment of
the hydroxyapatite structure can be done with restraining invasion of the etching agent into the hydroxyapatite structure.
Further, on the surface of the hydroxyapatite structure is formed a layer which is adsorbed with a copolymer used in this
treatment. The copolymer layer firmly adheres to the hydroxyapatite structure, because the sulfonic acid group of the
copolymer is bonded to the calcium component contained in the hydroxyapatite structure. Moreover, the copolymer layer
has an excellent affinity for the adhesive acrylic resin (or remedying acrylic resin) which is to be applied on the layer,
because the copolymer of the layer contains recurring units derived from methyl methacrylate. Accordingly, in the case
of using the acrylic copolymer, the hydroxyapatite structure and a filler are united with each other via the acrylic resin,
and thereby the adhesion between the hydroxyapatite structure and the filler becomes excellent and this excellent ad-
hesion can be kept for a long period of time.

However, the present inventors have further studied on the acrylic copolymer, and found that the affinity of the acrylic
copolymer for the acrylic resin which is to be applied on the copolymer should be more improved although the adhesion
of the copolymer to the hydroxyapatite structure is prominently high. For example, the adhesive strength of the copolymer
varies depending upon a polymerization initiator contained in the acrylic resin.

If the content of the recurring units derived from a monomer having an excellent affinity for resins such as methyl
methacrylate is increased by the conventional method in order to solve the above-mentioned problem, the resulting
acrylic copolymer tends to lower in solubility in solvents and alsotends to lower in adhesive strength to the hydroxyapatite
structure. That is, it has been found that the aimed adhesive strength of the acrylic copolymer cannot be obtained by
only adjusting the copolymer composition, namely, a ratio between methyl methacrylate and p-styrene sulfonic acid.

The object of the present invention is to provide a novel acrylic copolymer, a process for the preparation of the
acrylic copolymer and use application of the acrylic copolymer.

In more detail, the object of the invention is to provide a novel acrylic copolymer which has excellent adhesion
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properties to both the hydroxyapatite structures and the acrylic resins containing an acrylic ester composition of radical
polymerizability as a host adhesive component and also shows high solubility in solvents such as water and ethanol.
Further, the object of the invention is to provide a process for the preparation of the acrylic copolymer and use application
of the acrylic copolymer.

DISCLOSURE OF THE INVENTION

The acrylic copolymer of the invention is an acrylic copolymer comprising recurring units derived from a (meth)
acrylic ester compound and recurring units derived from a vinyl compound having an -SO3R group (wherein R represents
a hydrogen atom or a lower alky! group) or an alkali metal or ammonium salt thereof, wherein at least a part of ester
groups of the (meth)acrylic ester compound is substituted by a group having recurring units derived from a (meth)acrylic
ester.

In the acrylic copolymer of the invention, the recurring units derived from the (meth)acrylic ester are preferably
recurring units having the formula [l]; the recurring units derived from a vinyl compound having -SO3R (wherein R rep-
resents a group or an atom selected from a hydrogen atom, a lower alkyl group and an alkali metal atom) are preferably
recurring units having the formula [ll]; and the recurring units derived from a (meth)acrylic ester wherein a part of ester
groups is substituted by a group having recurring units derived from a (meth)acrylic ester are preferably recurring units

having the formula [ll1]:
~
1
R
!
C”ef CH:C
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In the formulae [I] to [I11], R, R3, R4 and R® each independently represent a hydrogen atom or an alkyl group having
1 - 5 carbon atoms; R2 and Ré each independently represent an alkyl group having 1 - 5 carbon atoms; and d represents
an integer of from 1 to 300.

The process for the preparation of an acrylic copolymer according to the invention is characterized in that a mixture
of a compound having the following formula [I-a] and a compound having the following formula [llI-a] is mixed with a
compound having the following formula[ll-a] in a molar ratio ranging from 95 : 5t0 5 : 95 to copolymerize with each other:

3
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|
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In the formulae [I-a] to [Ill-a], R, R2, R3, R4, R®, Ré and d have the same meanings as defined above.

The adhesive composition of the invention and the dental adhesive composition of the invention are characterized
in that they contain the above-mentioned acrylic copolymer.

As described above, the acrylic copolymer of the invention has specific recurring units, so that the copolymer not
only shows high adhesion to hydroxyapatite but also shows excellent affinity for methacrylate compounds. Further, the
acrylic copolymer having the above-mentioned structure exhibits high solubility in solvents.

Accordingly, the acrylic copolymer of the invention can be favorably employed as an adhesive for bonding acrylic
resins to hydroxyapatite structures, especially as a dental adhesive.

PREFERRED EMBODIMENT FOR ACCOMPLISHING THE INVENTION

The acrylic copolymer of the invention, the process for the preparation of the acrylic copolymer and the use appli-
cation of the acrylic copolymer will be concretely described hereinafter.

First of all, the acrylic copolymer of the invention is described referring to a preferred process for the preparation of
the acrylic copolymer.

The acrylic copolymer of the invention can be obtained by polymerizing a monomer [A] capable of forming recurring
units derived from a (meth)acrylic ester, a monomer [B] capable of forming recurring units derived from a vinyl compound
having -SO3R and a monomer [C] capable of forming recurring units derived from a (meth)acrylic ester bonded on the
side chain with at least one group derived from a (meth)acrylic ester, utilizing known polymerization methods.

The monomer [A] used herein can be prepared by copolymerizing compounds having the following formula [l-a]:

-+ L1 -a]

In the formula [I-a], R represents a hydrogen atom or an alkyl group having 1 - 5 carbon atoms. Concrete examples
of the alkyl groups include a methyl group, an ethyl group, a propyl group, a butyl group and a pentyl group. R! is
preferably an alkyl group, more preferably a methyl group.

R2 is an alkyl group having 1 - 5 carbon atoms. Examples of the alkyl groups include a methyl group, an ethyl group,
a propyl group, a butyl group and a pentyl group. R2 is preferably a methyl group.

As preferred examples of the compounds having the formula [I-a] employable in the invention, there can be men-
tioned alkyl esters of (meth)acrylic acids such as methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, gly-
cidyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate and 3-hydroxyethyl (meth)acrylate. Of these, particularly preferred
is methyl methacrylate.

The recurring unit derived from a vinyl compound having -SO3R (wherein R has the same meaning as defined
above) or having an acceptable salt thereof can be formed, for example, by polymerizing vinyl compounds or compounds
obtained by bonding -SO4R (wherein R has the same meaning as defined above) to vinyl compounds substituted by an
alkyl group directly or by way of other group.

Examples of the monomers containing a sulfonic acid group employable in the invention are sulfonic acid compounds
having radical polymerizability (e.g., allyl sulfonic acid, methallyl sulfonic acid, vinyl sulfonic acid, p-styrene sulfonic acid,
sulfoethyl-methacrylic acid and tert-butyl acrylamide sulfonic acid) and salts thereof (e.g., sodium salt and ammonium
salt).

Among the above-mentioned compounds, preferred are compounds in which the above -SO3R is indirectly bonded
to a carbon atom constituting a vinyl group. A preferred example of such compounds is a compound having the following
formula [ll-a]:
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Inthe formula [ll-a], R® represents a hydrogen atom or an alkyl group having 1 - 5 carbon atoms. Concrete examples
of the alkyl groups include a methyl group, an ethyl group, a propyl group, a butyl group and a pentyl group. In the
invention, R3 is preferably a hydrogen atom.

In the compound having the formula [ll-a], -SO4R may be bonded at any position of orth-position, meta-position and
para-position against another group on the benzene ring, but -SO4R is preferably bonded at the para-position with
respect to the reactivity with the hydroxyapatite structure. As a matter of course, the group represented by -SO3R in the
above formula may be an alkali metal atom such as a lithium salt, a potassium salt and a sodium salt, or may be an
ammonium salt.

Preferred examples of the compounds having the formula [ll-a] include sulfonic acid compounds having radical
polymerizability (e.g., allyl sulfonic acid, methallyl sulfonic acid, vinyl sulfonic acid, p-styrene sulfonic acid, ethyl sulfo-
methacrylic acid and tert-butyl acrylamide sulfonic acid), sodium salts and ammonium salts thereof.

In the invention, other than the above-described method of copolymerizing monomers into which a sulfonic acid
group has been beforehand introduced, there can be also utilized a method of polymerizing monomers not having a
sulfonic acid group and then introducing a sulfonic acid group into the resulting polymer. Examples of the monomers
employable in this method include a-olefins such as ethylene, propylene and butene-1; vinyl halides such as vinyl chlo-
ride; alkenyl benzenes such as styrene and a-methyl styrene; and (meth)acrylates such as ethyl (meth)acrylate. As
compounds employable for introducing a sulfonic acid group into recurring units which are obtained by copolymerizing
the above-mentioned monomers, there can be mentioned sulfuric acid, fuming sulfuric acid, liquid sulfurous -acid, silver
sulfate, triethyl phosphate/sulfur trioxide complex and long-chain acyl sulfate. In the invention, it is more preferred to
employ a method of performing copolymerization using monomers having a sulfonic acid group than a method of copo-
lymerizing monomers and then introducing a sulfonic acid group into the resulting polymer.

The acrylic copolymer of the invention can be obtained by copolymerizing two kinds of the above-mentioned mon-
omers with a (meth)acrylic ester compound in which at least one group derived from a (meth)acrylic ester is bonded on
the side chain.

As the acrylic ester compound, there can be mentioned for example a compound having the following formula [IlI-a]:

a 4
R : .
|

CHz=¢C
l 5
7 R
O-CHZQHCHzoﬁCﬂzs(CﬂzF)uH

6
OH 0 CO=R

...[m—a]

In the formula [Ill-a], R* and R® each independently represent a hydrogen atom or an alkyl group having 1 - 5 carbon
atoms. Concrete examples of the alkyl groups include a methyl group, an ethyl group, a butyl group and a pentyl group.
R4 is preferably an alkyl group, particularly preferably a methyl group.

Further, at least any one of R1 in the aforementioned [I-a] and R# is preferably a methyl group.

RS is an alkyl group having 1 - 5 carbon atoms, preferably an alkyl group having 1 - 3 carbon atoms. Examples of
the alkyl groups include a methyl group, an ethyl group, a propyl group, a butyl group and a pentyl group. RS is preferably



10

15

20

25

30

35

40

45

50

55

EP 0 451 284 B1

a methyl group.

R8 is an alkyl group having 1 - 5 carbon atoms. Examples of the alkyl groups include a methyl group, an ethyl group,
a propyl group, a butyl group and a pentyl group. R8 is preferably a methyl group.

Furthermore, d in the above formula is an integer of from 1 to 300, preferably an integer of from 1 to 150, more
preferably an integer of from 10 to 100.

The compound having the formula [lll-a] can be prepared, for example, by causing a polymer having the formula
[Il1-c] obtained by polymerizing methyl methacrylate through a chain transfer polymerization using thioglycolic acid to
react with a compound having the following formula [Ill-b]:

54
) 0
CHa =C
Z7 /\
0=COCH=2CHCHo2

+++ [ m-b]

In the formula [111-b], R* has the same meaning as defined above.

Concrete examples of such compounds include glycidy! acrylate and glycidyl methacrylate.

A compound which forms the compound having the formula [llI] employable in the invention by the reaction with
the above-mentioned glycidyl compound is, for example, a compound having the formula [ll1-c]:

R
HOﬁCHzS(CHz?)dH
0 COsR°

o [m-c]

In the formula [lll-c], R®, Ré and d have the same meanings as defined above.

The compound having the formula [lll-b] and the compound having the formula [lll-c] are caused to react with each
other in the conventional manner, to synthesize the compound having the formula [lll-a] employable in the invention.
The size of the side chain, that is concretely, a value of d, can be controlled by changing the ratio between methyl
methacrylate and a chain transfer-agent such as thioglycolic acid in the polymerization stage.

The compounds having the formulae [l-a], [II-a] and [IlI-a] can be polymerized with each pother according to known
methods for synthesizing graft polymers such as radical polymerization and ion polymerization. Those methods are
described, for example, in "Polymer Material Design", edited by Polymer Institute.

In this case, a molar ratio between the monomer having the formula [II-a] and a mixture of the monomer having the
formula [I-a] and the monomer having the formula [lll-a] is generally in the range of 95: 5 10 5: 95, preferably in the
range of 90 : 10 to 50 : 50. Further, the monomer having the formula [I-a] is generally used in an amount of 0 to 90 %
by mole, preferably 0 to 50 % by mole, more preferably 0 to 40 % by mole, based on the amount of the monomer having
the formula [ll-a].

There is no specific limitation on the reaction conditions for synthesizing the acrylic copolymer using the above-men-
tioned monomers. For example, the acrylic copolymer of the invention can be prepared at a temperature of from room
temperature to 300 °C for a period of time of from 1 minute to 24 hours, preferably 1 minute to 10 hours, in a reaction
solvent such as dimethylformamide.

The acrylic copolymer prepared as above has a molecular weight measured based on GPC in terms of polystyrene
of generally not less than 100,000, preferably not less than 300,000, more preferably not less than 500,000, most pref-
erably not less than 1,000,000.

Inthe process of the invention, other than the above-mentioned monomers, there can be also copolymerized various
monomers such as acids (e.g, acrylic acids, methacrylic acids, itaconic acids, maleic acids, methacryloyloxybenzoic
acids, N(2-hydroxy-3-methacryloyloxypropyl)-N-phenylglycine and 4-methcryloyloxyethyletrimellitic acid), anhydrides of
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those acids, and (meth)acrylic acid esters having alkyl amine (e.g., N,N-dimethylaminoethyl(meth)acrylate and N,N-di-
ethylaminoethyl(meth)acrylate), provided that the use of those monomers does not mar the properties of the resulting
copolymer. Utilizing recurring units derived from such monomers, a sulfonic acid group or a (meth)acrylic acid ester
group can be introduced into the copolymer.

Examples of other substances which can be introduced into the copolymer of the invention include olefins such as
ethylene, propylene and butene-1; vinyl halides such as vinyl chloride and vinyl bromide; vinyl esters such as vinyl
acetate and vinyl propionate; vinyl ethers such as methyl vinyl ether, ethyl vinyl ether and isobutyl vinyl ether; and
alkenylbenzenes such as styrene, vinyl toluene, a-methylstyrene, chloromethylstyrene and stilben.

The acrylic copolymer of the invention has a sulfonic acid group, so that the copolymer not only has an excellent
affinity for the hydroxyapatite structures but also shows a high solubility or dispersibility in solvents such as water and
alcohol. As the solvent used herein, there can be mentioned polar solvents. Especially in the case of adapting the acrylic
copolymer to dental use, water, ethanol and a mixture solvent of water and ethanol are preferably employed as the
solvent. The acrylic copolymer is generally dissolved in such solvents in an amount of 0.1 to 20 % by weight, preferably
1 to 15 % by weight.

To the acrylic copolymer solution, a metallic ion may be added. By addition of the metallic ion to the acrylic copolymer
solution, the dispersibility of the acrylic copolymer in the solvent can be prominently improved, and further the adhesion
between the acrylic copolymer and a dental composite to be coated on the acrylic copolymer can be enhanced. As the
metallic ion, monovalent metallic ions such as sodium and potassium can be employed, but polyvalent metallic ions
such as calcium, iron, copper, nickel, alminum and chromium can be preferably added. Of these polyvalent metallic
ions, particularly preferred are calcium, iron, copper and aluminum.

The metallic ion is added to the acrylic copolymer solution in such a manner that not less than 50 %, preferably not
less than 30 %, more preferably 10 - 20 %, of the sulfonic acid groups constituting the acrylic copolymer would remain
in the state of an acid.

The acrylic copolymer solution prepared as above can be employed as a surface-treating agent, an adhesive, etc.
for structures containing a calcium component.

As examples of the structures containing the calcium component, there can be mentioned the structures containing
calcium carbonate including calcite, Iceland spar, pagodite, limestone, marble, chalk and shell; the structures containing
calcium phosphate including phosphor lime; the structures containing hydroxyapatite component including bone and
dentin; and the structures containing calcium sulfate including gypsum. Preferred are compositions containing calcium
carbonate or calcium phosphate as the calcium component, and more preferred are compositions containing calcium
phosphate as the calcium component.

The structure containing such calcium component is coated with a solution of the acrylic copolymer of the invention,
andthen the structure coated with the solution is subjected to washing with water or solvent-removing treatment, whereby
chemical bonding is formed between the sulfonic acid and the calcium component. Hence, the acrylic copolymer loses
its solubility in solvents such as water and alcohol to form a cured layer on the surface of the structure.

This cured layer of the acrylic copolymer shows an excellent affinity for acrylic resins or the like by action of the side
chain having a specific structure, as well as has an excellent adhesion properties to the structures containing calcium
components. Hence, when a dental composite is coated on the cured layer, the cured layer favorably serves as an
adhesive layer for bonding dentin to the composite.

EFFECT OF THE INVENTION

The acrylic copolymer of the invention has a sulfonic acid group and a side chain of an acrylic ester, so that the
copolymer shows a great affinity for both of a structure containing a calcium component and an acrylic resin having
radical polymerizability. Further, the acrylic copolymer of the invention shows high solubility in solvents such as water
and alcohol, so that in the case of treating a structure containing a calcium component with a solution of the acrylic
copolymer and then coating thus treated structure with an acrylic resin, the structure containing a calcium component
can be favorably bonded with the acrylic resin.

Accordingly, the acrylic copolymer of the invention can be favorably employed as a surface-treating agent for dentin.

EXAMPLE
The present invention is further described by the following examples.

Example 1

0.84 g of polymethyl methacrylate (AA-6, available from Toa Gosei Co., Ltd.) having a methacryloyloxy group at
one terminal end of its molecule, 2.6 g of sodium p-styrenesulfonate (SSNa) and 0.034 g of AIBN were mixed with 30
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ml of dimethylformamide (DMF), and they were subjected to polymerization at 70 °C for 19 hours in a glass ampoule.

The ampoule was unsealed, and the reaction product was introduced into acetone of large amount to obtain a
copolymer. The copolymer was dried, and then using the dried copolymer, a 5 % aqueous solution of the copolymer
was prepared. To the solution was added 2.1 ml of 6N HCI, and the resulting solution was introduced into a dialyzing
tube to dialyze the solution for 3 days. Then, water was removed from the resulting polymer solution, to obtain 2 g of
an acrylic copolymer (gMS). As a result of measurement of the obtained copolymer by means of gel permeation chro-
matography (GPC) using N,N-dimethylformamide as a solvent, it was confirmed that the copolymer had one peak
(molecular weight in terms of polystyrene: not less than 300,000).

Further, it was also confirmed from the infrared spectrum (IR) that the copolymer contained MMA and a styrenesul-
fonic acid unit.

Example 2

2 gof MMA, 8 g of AA-6, 20.6 g of SSNa and 0.36 g of AIBN were added to 220 ml of DMF in a flask, and they were
stirred in the flask to perform polymerization at 70 °C for 21 hours.

The obtained polymerization reaction liquid was introduced into acetone of large amount to obtain a sodium salt of
a copolymer. Then, using the obtained polymer salt, a 5 % aqueous solution of the polymer salt was prepared. To the
aqueous solution was added 16.6 ml of 6N HCI, and the resulting solution was introduced into a dialyzing tube to dialyze
the solution for 3 days. Thereafter, water was removed from the resulting polymer solution through distillation, to obtain
14.4 g of an acrylic copolymer (rgMS).

It was confirmed from the above-mentioned GPC and |R that the obtained copolymer had MMA and a styrenesulfonic
acid unit.

Example 3

In a three-necked flask, 200 g of MMA, 45.8 g of thioglycolic acid (TGA) ([TGA)/[MMA] = 0.25) and 3.2 g of AIBN
(1 % by mole/MMA) were dissolved in 200 ml of THF, and they were subjected to polymerization at 60 °C for 3 hours
in an atmosphere of argon gas.

The obtained polymerization reaction liquid was introduced into petroleum ether of large amount to obtain a pre-
polymer, and the obtained prepolymer was freeze-dried using benzene. The weight-average molecular weight of the
prepolymer (Formula [lll-c]) measured according to the above-mentioned GPC was 3,820 in terms of polystyrene.

Then, the prepolymer and glycidyl methacrylate (GMA) in an amount of 2.1 times of the molar amount of the pre-
polymer were dissolved in approx. 200 ml of xylene, and then a hydroquinone monoethyl ether (2 % by mole of the
prepolymer) and N,N-dimethyldodecylamine (1.5 % by mole of the prepolymer) were further dissolved in the above-ob-
tained solution, to cause them to react with each other at 140 °C for 8 hours in an atmosphere of argon gas. The
polymerization reaction liquid was introduced into petroleum ether of large amount to obtain a polymer, and the obtained
polymer was freeze-dried using benzene.

It was confirmed from the above-mentioned GPC, IR and "H-NMR that the obtained polymer was a macromonomer
having the formula [lll-a].

Thereafter, 4.8 g of the macromonomer, 6.6 g of sodium styrenesulfonate (SSNa) and 28 mg of AIBN were dissolved
in 20 ml of DMF in a glass ampoule, to perform polymerization at 70 °C for 18 hours in an atmosphere of argon gas.

The resulting polymerization reaction liquid was introduced into acetone of large amount to remove the unreacted
macromonomer from the reaction liquid, so as to obtain a precipitate.

The precipitate was subjected to vacuum drying, and using the dried precipitate, a 5 % aqueous solution was pre-
pared. To the solution was added 5.3 ml of 6N HCI, and they were stirred for approx. 1 hour. The resulting solution was
introduced into a dialyzing tube made of cellulose to dialyze the solution for 3 days using deionized water. Thereafter,
water was removed from the resulting polymer solution through distillation, to obtain an aimed acrylic copolymer.

It was confirmed from the above-mentioned GPC that the obtained polymer had one peak. It was also confirmed
from the above-mentioned IR that the obtained polymer had MMA and a styrenesulfonic acid unit.

Example 4

A prepolymer and a macromonomer were sequentially synthesized in the same manner as described in Example
3 except that the polymerization scale of a prepolymer was set to 1/20 of that of Example 3 and the ratio of [TGA)/[MMA]
was changed to 0.75.

Using the obtained macromonomer, an acrylic copolymer was synthesized in the same manner as described in
Example 3 except that the monomers were charged in such a manner that the unit molar fraction between MMA and
SSNa would be 0.6 : 0.4.
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Example 5

A prepolymer was synthesized in the same manner as described in Example 4 except that the ratio of [TGA[/[MMA]
was changed to 0.50. An acrylic copolymer derived from the obtained prepolymer was synthesized in the same manner
as described in Example 4.

Example 6

The procedures of Example 4 were repeated except for changing the ratio of [TGAJ/[MMA] to 0.25, to synthesize
an acrylic copolymer.

Examples 7 - 16

An extracted fresh cattle tooth was abraded with a water-resistant emery paper of #5600 under pouring of water.
Thus abraded cattle tooth was coated with 40 pl of a solution containing an acrylic copolymer and ferric chloride at
predetermined concentrations. The cattle tooth coated with the solution was left at rest for 6 seconds and then sufficiently
washed with water to remove a soluble acrylic copolymer, so as to form a film of an insoluble acrylic copolymer on the
surface of the cattle dentin.

The cattle dentin having the copolymer film thereon was dried at room temperature for 10 minutes, and then a
double-sided adhesive tape having a hole of a diameter of 5.4 mm was attached to the acrylic copolymer film of the
cattle dentin to determine the area where a resin is to be coated. On the hole of the attached tape was placed an acrylic
ring having an inner diameter of 6 mm and a height of 1 mm. Into the acrylic ring was charged a dental resin for polym-
erizing MMA with a polymerization initiator consisting of a combination of tri-n-butylboran or BPO and dimethyl-p-toluidine
(DMPT) (MMA-TBB resin or MMA-BPO-DMPT resin), and the cattle dentin with the dental resin was left at rest for 30
minutes at room temperature to cure the resin. The cattle dentin with the cured dental resin was immersed in water of
37 °C for 24 hours, and thereafter an acrylic bar (diameter: 6 mm) was caused to stand up on the dental resin using the
MMA-BPO-DMPT resin. The adhesive strength between the dentin and the dental resin was measured using an auto-
graphic device (produced by Shimazu Seisakusho Co., Ltd.) at a cross head speed of 2 mm/min.

Comparative Examples 1 - 5

An extracted fresh cattle tooth was abraded with a water-resistant emery paper of #5600 under pouring of water.
Onto the surface of thus abraded cattle tooth was attached a double-sided adhesive tape having a hole of a diameter
of 5.4 mm to determine the area where a resin is to be coated. On the hole of the attached tape was placed an acrylic
ring having an inner diameter of 6 mm and a height of 1 mm. Into the acrylic ring was charged a commercially available
high-molecular type cement, and the cement was cured. The cured cement was then coated with the MMA-TBB resin.
Then, the adhesive strength between the dentin and the cement was measured in the same manner as described in
Examples 7 to 14. The above-mentioned high-molecular type cement was prepared using Hybond Glass lonomer (HYG,
available from Matsukaze Co., Ltd.) and Ketack Cement (KC, available from ESPE Co., Ltd.) through a process directed
by their makers.

Comparative Examples 6 - 15

The procedures of any of Examples 7 to 14 were repeated except for using polymer-type surface-treating agents
not having the aforementioned formula [l11] for comparison with the acrylic copolymer of the invention.
The compositions of the polymer-type surface-treating agents were as follows.
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Polymer |Composition of Copolymer Molecular Weight

Code Unit Molar Fraction Mn (104)
MMA SSA

G 0.35 0.65 >100

H 0.75 0.25 85

SSA: p-styrenesulfonic acid

As shown in the above, for restraining a damage of the hydroxyapatite structure, the high-molecular type dentin
bonding materials were tried to bond the structure to the repairing material. As a result, the commercially available
materials (Comparative Examples 1 to 6) had an adhesive strength of approx. 0 to 0.3 MPa and were hardly bonded to
the structure. However, in the case of using the acrylic copolymers of the invention, an excellent adhesive strength of
2.5 t0 6.0 MPa was obtained. In the case of using the conventional polymer-type dentin surface-treating agents, the
adhesive strength to the stimulation-sensitive dentin was 0 to 2.7 MPa. However, in the case of using the acrylic copol-
ymers of the invention, the adhesive strength thereto was 2.7 to 3.2 MPa, that is, the adhesive strength was improved.
Accordingly, the hydroxyapatite structures such as dentin were able to be repaired more reliably and more safely.

10
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Example 17

Methyl methacrylate, thioglycolic acid and azoisobutylonitrile were mixed with each other to prepare a compound
(macromonomer) having the formula [lll-a]. In the mixing procedure, methyl methacrylate, thioglycolic acid and azoi-
sobutylonitrile were employed in such amounts that the value of d in the aforementioned formula [l11-a] would be 25.

Subsequently, to 30 ml of dimethylformamide were added styrenesulfonic acid (70 % by mole) and a mixture of the
above-mentioned macromonomer and methyl methacrylate (30 % by mole, in terms of methacrylate unit constituting a
main chain), to cause them to react with each other at 60 °C for 17 hours.

The reaction liquid was then introduced into acetone of excessive amount to obtain deposited crystals through
filtration.

The obtained crystals were sufficiently dried, and then to the dried crystals was added water to prepare a 5 %
solution. To the solution was added a hydrochloric acid little by little under stirring, and the resulting solution was stirred
for 2 hours to neutralize sodium. Thus prepared copolymer was purified for 3 days using a cellulose dialysis membrane,
and then water was removed from the copolymer under reduced pressure to obtain an acrylic copolymer.

When the acrylic copolymer was measured on the molecular weight by means of GPC, the molecular weight of the
copolymer was 1,500,000 in terms of polystyrene.

Then, 1 part by weight of the above-obtained acrylic copolymer and 99 parts by weight of ethanol were mixed with
each other. Further, to the resulting mixture was added iron ion in the form of ferric chloride in such an amount that
approx. 50 % of the sulfonic acid groups contained in the acrylic copolymer was neutralized, and they were sufficiently
stirred to prepare a homogeneous solution.

The solution was applied on a surface of a cattle tooth, and ethanol was removed from the coated solution to form
a cured film of the acrylic copolymer on the surface of the cattle tooth.

Thereafter, a commercially available dental composite was applied on the cured film and the composite was cured.
As a result, both the adhesion between the cattle tooth and the cured film of the acrylic copolymer and the adhesion
between the cured film of the acrylic copolymer and the cured composite were sufficiently high.

Claims

1. An acrylic copolymer comprising recurring units derived from a (meth)acrylic ester compound and recurring units
derived from a vinyl compound having an -SOzR group (wherein R represents a hydrogen atom or a lower alkyl
group) or an alkali metal or ammonium salt thereof, in which at least a part of the ester groups of said (meth)acrylic
ester compound is substituted by a group having recurring units derived from a (meth)acrylic ester.

2. A copolymer according to claim 1 wherein the recurring units derived from a (meth)acrylic ester are recurring units
having the formula [I]; the recurring units derived from a vinyl compound having an -SO4R group, wherein R repre-
sents a group or an atom selected from a hydrogen atom, a lower alkyl group and an alkali metal atom, are recurring
units having the formula [I1]; and the recurring units derived from a (meth)acrylic ester wherein a part of the ester
groups is substituted by a group having recurring units derived from a (meth)acrylic ester are recurring units having
the formula [IIl]:

i -
CH=2C Ch2C
! O
?2 [1] SO,.H el
R

15
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R|4
CH C
|
Cco R
| 1
0- Cit 2 CHCH 20CCH 2S(CH 2C) o (111l
oH 0 CO=R°®

wherein R, R3, R* and R® each independently represent a hydrogen atom or an alkyl group having 1 - 5 carbon
atoms; R2 and R® each independently represent an alkyl group having 1 - 5 carbon atoms; and d represents an
integer of from 1 to 300.

3. A copolymer according to claim 1 or 2 wherein the number-average molecular weight of the acrylic copolymer is
not less than 300,000.

4. A copolymer according to claim 1, 2 or 3 wherein at least one of R! and R# is a methyl group.

5. Aprocess for the preparation of an acrylic copolymer in which a mixture of a compound having the formula [I-a] and
a compound having the formula [lll-a] is mixed with a compound having the formula [ll-a] in a molar ratio ranging
from 95 : 5 to 5 : 95 to copolymerize with each other:

3
1 R
R !
! CHz =C
. 2 -
Chiz=C
I =
0=COR [1-2] O i ]
- —-a
SOall
4
R
I
Chz=C
l
5
? 0 R
I
0-CH2CHCH=20CCH2S(CH=C) aH
! I | 6
OH 0 COzR [111-a]
wherein R1, R3, R* and R5 each independently represent a hydrogen atom or an alkyl group having 1 - 5 carbon
atoms; R2 and R® each independently represent an alkyl group having 1 - 5 carbon atoms; and d represents an
integer of from 1 to 300.

6. An adhesive composition containing an acrylic copolymer as claimed in any one of claims 1 to 4.

7. A dental adhesive composition containing an acrylic copolymer as claimed in any one of claims 1 to 4.

Patentanspriiche

1. Acrylisches Copolymer, das wiederkehrende Einheiten, die von einer Methacrylsdureester-Verbindung abgeleitet

sind, und wiederkehrende Einheiten, die von einer Vinylverbindung mit einer -SO5;R-Gruppe (in der R fiir ein Was-
serstoffatom oder eine niedere Alkylgruppe steht) oder einem Alkalimetall- oder Ammoniumsalz davon abgeleitet
sind, umfaBt, wobei mindestens ein Teil der Estergruppen der Methacrylsdureester-Verbindung durch eine Gruppe
mit von einem Methacrylsaureester abgeleiteten wiederkehrenden Einheiten substituiert ist.

16
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Copolymer nach Anspruch 1,

in dem die von einem Methacrylsaureester abgeleiteten wiederkehrenden Einheiten wiederkehrende Einheiten mit
der Formel [I] sind, die wiederkehrenden Einheiten, die von einer Vinylverbindung mit einer -SO3R-Gruppe abgeleitet
sind, in der R fir eine Gruppe oder ein Atom steht, die bzw. das aus einem Wasserstoffatom, einer niederen Alkyl-
gruppe und einem Alkalimetallatom ausgewahlt ist, wiederkehrende Einheiten mit der Formel [ll] sind und die wie-
derkehrenden Einheiten, die von einem Methacrylsaureester abgeleitet sind, in dem ein Teil der Estergruppen durch
eine Gruppe mit von einem Methacrylsdureester abgeleiteten wiederkehrenden Einheiten substituiert ist, wieder-
kehrende Einheiten mit der Formel [l11] sind:

R' R?
I
CHle CH2C
|
3 ©
9 (1] SO.H [l
R?
RI‘
CHLC
|
co R®
| I
O-CH;(EHCHzO(IIICHzS(ClIz(lI).H 1111
OH 0 C02R°

wobei R, R3, R4 und RS jeweils unabhangig voneinander fiir ein Wasserstoff oder eine Alkylgruppe mit 1 - 5 Koh-
lenstoffatomen stehen, R2 und R® jeweils unabhangig voneinander fir eine Alkylgruppe mit 1 - 5 Kohlenstoffatomen
stehen und d flr eine ganze Zahl von 1 bis 300 steht.

Copolymer nach Anspruch 1 oder 2,
wobei das Zahlenmittel-Molekulargewicht des acrylischen Copolymers nicht weniger als 300000 ist.

Copolymer nach Anspruch 1, 2 oder 3,
wobei mindestens einer von R! und R?* eine Methylgruppe ist.

Verfahren zur Herstellung eines acrylischen Copolymers, in dem eine Mischung einer Verbindung mit der Formel
[I-a] und einer Verbindung mit der Formel [Ill-a] mit einer Verbindung mit der Formel [Il-a] in einem molaren Verhaltnis
von 95:5 bis 5:95 gemischt wird, um miteinander zu copolymerisieren:

1 R3
R |
| _
Clls =C CHz=C
|
0=COR [, Biﬂ
SO sl [ll-a]

17
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4

i

Cll2 =C
éo R’
0- CHzCHCHzOCCHzS(CHzC)uH

OH 0 C02R (1i1-a]
wobei R, R3, R4 und RS jeweils unabhangig voneinander fiir ein Wasserstoff oder eine Alkylgruppe mit 1 - 5 Koh-
lenstoffatomen stehen, R2 und R® jeweils unabhangig voneinander fir eine Alkylgruppe mit 1 - 5 Kohlenstoffatomen
stehen und d flr eine ganze Zahl von 1 bis 300 steht.

Klebstoffzusammensetzung, die ein acrylisches Copolymer nach einem der Anspriiche 1 bis 4 enthalt.

Dentalklebstoffzusammensetzung, die ein acrylisches Copolymer nach einem der Anspriche 1 bis 4 enthélt.

Revendications

Copolymeére acrylique comprenant des motifs issus d'un composé ester acrylique ou méthacrylique et des motifs
issus d'un composé vinyligue possédant un groupe -SO4R (dans lequel R représente un atome d'hydrogéne ou un
groupe alkyle inférieur) ou d'un sel de métal alcalin ou d'ammonium d'un tel composé, copolymére dans lequel au
moins une partie des groupes ester dudit composé ester acrylique ou méthacrylique est substituée par un groupe
possédant des motifs issus d'un ester acrylique ou méthacrylique.

Copolymere selon la revendication 1, dans lequel les motifs issus d'un ester acrylique ou méthacrylique sont des
motifs répondant & la formule (1) indiquée ci-aprés, les motifs issus d'un composé vinylique possédant un groupe
-SO4R dans lequel R représente un atome d'hydrogéne ou de métal alcalin ou un groupe alkyle inférieur, sont des
motifs répondant a la formule (1) indiquée ci-aprés, et les motifs issus d'un ester acrylique ou méthacrylique dans
lequel une partie des groupes ester est substituée par un groupe possédant des motifs issus d'un ester acrylique
ou méthacrylique, sont des motifs répondant a la formule (lll) :

CHzC{}— —{;CH:C
l
Co
|
0 o]

1] SO,H C1l

74
CH>C
ICo R°
6- anCHCHzOCCHzS(CHzC) R

o o €ozR®

formules dans lesquelles R, RS, R* et R® représentent chacun, indépendamment, un atome d'hydrogéne ou un
groupe alkyle ayant 1 & 5 atomes de carbone, R2 et R® représentent chacun, indépendamment, un groupe alkyle
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ayant 1 4 5 atomes de carbone, et d représente un nombre entier ayant une valeur de 1 a 300.

Copolymeére selon la revendication 1 ou 2, dont la masse moléculaire moyenne en nombre n'est pas inférieure a
300.000.

Copolymére selon l'une quelconque des revendications 1 a 3, dans lequel au moins I'un de R et R4 est un groupe
méthyle.

Procédé de préparation d'un copolymére acrylique, dans lequel on mélange un mélange d'un composé répondant
alaformule (I-a) indiquée ci-aprés et d'un composé répondant & la formule (l11-a) indiquée ci-aprés avec un composé
répondant a la formule (lI-a) indiquée ci-aprés, selon un rapport molaire compris dans l'intervalle allant de 95:5 a
5:95, de fagon a réaliser une copolymérisation mutuelle :

3
1 R
R |
.o CHz=C
Cllz=C °
I 2
0=COR 1 O Cil-a]
SO sl a
A
R
|
cuz==E
0 3
|
O—CH2§HCH20ﬁCHZS(CH2$)AH
é
OH 0 CozR  [1l1l1-a]

formules dans lesquelles R, RS, R* et R® représentent chacun, indépendamment, un atome d'hydrogéne ou un
groupe alkyle ayant 1 & 5 atomes de carbone, R2 et R® représentent chacun, indépendamment, un groupe alkyle
ayant 1 4 5 atomes de carbone, et d représente un nombre entier ayant une valeur de 1 a 300.

Composition adhésive contenant un copolymére acrylique tel que revendiqué dans l'une quelconque des revendi-
cations 1 & 4.

Composition adhésive dentaire contenant un copolymére acrylique tel que revendiqué dans I'une quelconque des
revendications 1 & 4.
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